
Real-Time Scheduling,
Real-Time AI, &

Distributed Ada

Presented November 28, 1989

Co-Spot_,r_ b._.

N .ASA/J.ohnson Space Center

University °fHouston-Clear Lake

("_/ASA-C R- 18_1479 ) R_AI-- I'IHE

3CH_OULrI_G, R=AL-TIM_ aI, AND

114 p (Texas A_lff
Univ.)

Unc|as

Z9/61 0193086





Speakers

Ric.hardA Volz

Dr. Richard Volz is Del_,tment Head of Computer Science at Texas A&M University. Professor Voiz served on the Automation and Robotics Panel of

Experts for Space Station Freedom, and is currently a member of the Aerospace Satiety Advisory Panel for NASA and Congress. He has worked on computa-
tional techniques for automatic operating system, a higher level language for real-time control and a distributed language translator. He received his Ph.D. in
1964 from Northwestern University, Evanston, Illinois.

Jyh- Stem L/u

Dr. Jyh-Cham Steve Liu, Assistant Professor in the Computer Science Department at Texas A&M University, received his Ph.D. from the University of

Michigan, Ann Arbor in 1989. His research includes real-time fault-toleraut distributed systems, real-time communication systems, ultrareliable computer
architecture, open architecture for fault-tolerance of general systems, and decision making support systems.

Fabrizio

Dr. Fabrizio Lombardi, Associate Professor in the Department of Computer Science at Texas A&M University, is interested in verification and valida-

tion, fault-tolerant computing, testing, and real-time systems. He was awarded a Visiting Fellowship at British Columbia Advanced Systems Institute, University
of Victoria. He received the 1985-86 Research Initiation Award from the IE_ineering Foundation. Born in Formia, Italy, Dr. Lombardi received his Ph.D.
in 1982 from University College London.

John Yen

Dr. John Yen, Assistant Professor in the Department of Computer Science at Texas A&M University, is currently researching reasoning under uncer-

tainty, hybrid AI architecture and programming methodology, real-time AI, expert systems, intelligent user interfaces, knowledge representations, and neural

networks. He has played a major role in the development of BACKBORD. He received his Ph.D. in Computer Science from the University of California,Berkeley in 1986.

Swaminathan Natarajan

Dr. Swami Natarajan received his Ph.D. in Computer Science from the University of Illinois in 1989. He worked with Dr. Kwei-Jay Lin on the design

of a real-time language called FLEX based on a concept called imprecise computation. He has also worked at the National Center for Supercomputing applica-
tions on the design and implementation of HDF, a generalized file format.

Ar dy_W tee s y

Dr. Arkady Kanevsky, Assistant Professor in Comq[mter Science at Texas A&M University, researches fault-tolerant disu'ibuted algorithms, real-time
scheduling, real-time communication systems, parallel algorithms and architectures and fundamentals of computer science. He received his Ph.D. from the
University of Illinois at Urbana in 1988.



j_



The Computer Science Department

AGENDA

Possible directions for potential problems

To highlight some of the problems associated with
previously presented approaches

To present the issues involved in combining
theoretical approaches into practice

• To speculate on improvements

• To initiate an active participation of the audience

and to get feedback on problems

_ Texas A&M University,
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PRECEDENCE CONSTRAINTS

• Input/output relationship between tasks

Periodicity and execution time: code modification over

adjacent time periods

• Multiprocessor system: new issues?

"_ Graph approach

Texas A&M University,
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RECONFIGURATION

Diagnosis

Mode change under static conditions

Dynamic fault tolerance under transient overload

Texas A&M University

The Computer Science Department

"_ Static and dynamic requirements
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MODELLING

Dependence of tasks

Homogeneous system nature

"_ Flexibility to account for architecture/application
dependency

Texas A&M University
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SCHEDULABILITY

Modifications to improve schedulability (in certain cases)

Use initiation time information or establishing initiation
time to make schedule possible

The Computer Science Department

Texas A&M University
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Control Example

date sample control output

I '_\\\\\\\\_
V

interrupt by high priority task

V

moderate period

Texas A&M University
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TOWARDS SUPPORTING DISTRIBUTED
SYSTEMS IN ADA 9X
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Texas A&M University
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DISTRIBUTED

Basic Issues

The Computer Science Department

ADA LANGUAGE

• Units of distribution.

• Distribution specification.

• Hidden remote accesses.

• Shared variables.

• How to access remote objects.

• How to manage the tasking model.

• How to manage distributed timing.

• Fault tolerance.

Texas A&M University
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DESIGN ISSUES- 1

Units of Distribution

• Individual statements or declarations

• Subprograms
• Tasks.

=> • Library subprograms and packages

Distribution Specification

• Dynamically load balance at run-time.

• Post compilation configuration stage.

=> • Logical specification at compile time, physical mapping at load time.
• Physical mapping at compile time.

Texas A&M University
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DESIGN ISSUES - 4

Fault Tolerance

• Automatic detection, identification and reconfiguration.

• Automatic detection and
responsible for reconfiguration.

notification, but user

Texas A&M University
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NEW CONSTRUCTS

PARTITIONS

• Programs are decomposed by some design methodology into
partitions.

• A partition is identified by a new library unit.

• A partition library unit is the external interface to the partition; the whole
partition comprising all the non-partition library units named in the
transitive closure of the context clauses of the partition library unit
(together with all named subunits).

• Partitions have a specification, a body and an initialisation part.

• Partitions can only be declared as an access type that designates an
anonymous partition type.

• Creation of a partition requires the action of an allocator.

• A partition can only be accessed from another partition using an access
variable to its partition library unit.

__._ Texas A&M University
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PARTITIONS

Specifications may contain:

• Subprograms -- as long as their parameter types are declared in a
public unit or are of access partd_on type.

• Tasks -- as long as the parameter types to their entries are declared in a
public unit or are of access partition type.

• Packages -- as long as the specifications inherit the partition
specification restrictions.

• Representation specifications.
• Renames.

• Some pragmas -- although pragma INLINE should be disallowed.

Other rules:

• Partitions can declare initialisation parameters in the specification part
of their declaration.

• A partition can be declared to have the same specification as another
partition.

Texas A&M University.
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NEW CONTRUCTS

Nodes:

• A node is a new type of library unit

• The term node is also used to denote the transitive closure of the
library units named in the node library unit context clauses.

• Nodes collect together instances of partitions for execution on a
single physical resource in the target architecture.

• A distinguished node is created automatically by the
environment.

Texas A&M University
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FAULT NOTIFICATION EXAMPLE

Public MODE_CHANGE NOTIFY is
task type MODE CHANGE Tis

entrY NOTIFY_N_PAR: in ...);
entry WAIT(OUT_PAR: out ...);

end MODE_CHANGE_T;
type MODE CHANGE is accessMODE CHANGE T-

end MODE_CHANGE_NOTIFY; - - '

public body MODE_CHANGE NOTIFY is
task body MODE_CHANGE- Tis
begin

loop
accept WAIT(OUT_PAR) do

accept NOTIFY (IN_PAR) do
OUT_PAR := IN_PAR;

end;
end;

end loop;
end MODE_CHANGE_T;

end MODE_CHANGE_NOTIFY;

Texas A&M University,

-- called by the node
-- called by the partition
-- to provide notification
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TAFT "SELECT

task PUMP MOTOR is
entry PUMP_FAIL;

AND "
illll BiB

entry COMMAND_IN(COMMAND :in COMMAND_T);
end,

task body PUMP_MOTOR is
CSR AD1 ADDRESS = CSR_ADDRESS OF 1ST PUMP;
CSR-_AD2 ::ADDRESS :: CSR_ADDRESS-_OF-_2ND-_PUMP;
PUMP2_UNUSED :BOOLEAN := TRUE;
CSR ADR : ADDRESS := CSR_AD1; --

CSR address
LAST_COM :COMMAND_T;

begin
CSR ADR := CSR_AD1;
loop-

declare

PUMP CSR :COMMAND T; .
for PU-MP_CSR use at CS-R_ADR, --

Texas A&M University

holds the online pump

allows port change
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client

node
server //__

SITE_B

Figure 4: Initial Conflguratlon

client

node

SITE A

Figure 5: Configuration After a Mode Change

Texas A&M University,
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EXAMPLE

with PRIMARY SERVER;
partition CLIENT(MY_SERVER:PRIMARY_SERVER) is

package NODE_LEVEL INTERFACE is
procedure NEW_SERVER_IMMINENT;

procedure NEW_SERVER(SERVER:PRIMARY_SERVER);
end NODE_LEVEL_INTERFACE;

-- no services offered to other partitions

end PRIMARY_SERVER;

Texas A&M University
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node body SERVER is

MAIN_SERVER: PRIMARY_SERVER := new PRIMARY_SERVER'PARTITION;
STANDBY_SERVER: DEGRADED SERVER := new

DEG RADED_SERVER'PARTITION;

CURRENT_SERVER: PRIMARY_SERVER := MAIN_SERVER;
function ACTIVE_SERVER return PRIMARY_SERVER is
begin

return CURRENT_SERVER;
end ACTIVE_SERVER;

procedure CHANGE_TO_DEGRADED_SERVER is
begin

if CURRENT_SERVER = MAIN SERVER then

CURRENT_SERVER := STANDBY_SERVER;
end if;

procedure CHANGE_TO_PRIMARY SERVER is
begin

STANDBY_SERVER.NODE_LEVEL_INTERFACE.START( ... );

MAIN_SERVER.NODE_LEVEL_INTERFACE.GRACEFUL_SHUTDOWN( ... );

MAIN_SERVER.NODE_LEVEL_INTERFACE.START( ... );
end SERVER;

Texas A&M University
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node CLIENT_NODE;

with MODE CHANGE_NOTIFY; use MODE_CHANGE_NOTIFY;
with SERVE-R;

node body CLIENT_NODE is
SERVER NODE : SERVER := newSERVER'NODE(SITE A);
A_CLIENT : CLIENT := new

CLIEN'PPARTITION(SERVER NODE.ACTVE SERVER_-
NOTIFIER_AGENT : MODE_CH/_NGE := new MODE_CHA_IGE_T;
NOTIFIER : MONITOR FOR MODE := new

MONITOR_FOR_MODE_CHANGES'PARTITION(NOTIFIE R_AGENT);

task MODE_CHANGER;
task body MODE_CHANGER is
begin

NOTIFIER_AGENT.WAIT(...);

CLIENT.NODE LEVEL INTERFACE.NEW SERVER IMMINENT
S ERVE R_NOD-E.CHAN-G E_TO_DEG RAD E-D_SERVE-R,

CLIENT.NODE_LEVELINTER FACE.NEW_SERVER(SERVER_NODE.A
CTIVE_SERVER);

end MODE_CHANGER;
begin

-- any initialisation
end CLIENT_NODE;

Texas A&M University
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CONFORMANCE TESTING:

VALIDATION AND VERIFICATION

FOR SOFTWARE TESTING

By

Dr. Fabrizio Lombardi

Texas A&M University

Department of Computer Science

409-845-5464

Texas A&M University J
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MOTIVATION

The impreciseness of software design and specification

process lead to ambiguities

The complexities of software programs introduce the

increasing chance of design errors

-.) Therefore it is important to generate a test sequence to
determine whether a given implementation conforms to

its specifications

Texas A&M University
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PROBLEMS

@ Complexity of software projects

• Fast and reliable prototyping

Paradoxes of measuring software reliability

Dissecting programming quality

• Test data selection strategy

_ Texas A&M University'
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CRITICISM

No ensurance that any single path covers

revealing or vulnerable combination of blocks

a potentially

Little use of program semantics to suppress the generation of

paths which are unexecutable

Model-referenced testing: an alternate executable model is

available to test the system against (difficulty)

Explosive number of test vectors is required

Texas A&M University
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EXAMPLE

Comment Printer. A system that extracts comment

from a character string

Texas A&M University
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CHARACTERISTICS

Only the control structure of the software design is
checked

@ It does not require an executable specification for the

program

Guaranteed to reveal any error in the control structure

No assumption on the

specification (or program)

existence of an executable

Texas A&M University,
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METHOD

Estimate the maximum number of states in the correct

design

Generate test sequences based on the design (which may
have errors)

Verify the responses to the test sequences generated
previously

• Validate design

• Quantify properties (such as coverage)

_ Texas A&M University'
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COVERAGE

Errors due to either misunderstanding of specifications (bugs,

errors) or faulty behavior = robustness

•"_ Creation of new states

•"_ Logical movement of edges

•"_ Creation (deletion) of edges

•"_ Changes of labels

• Coverage: ability to detect any erroneous behavior

"_ Distinguish correct FSM from other (equivalent) FSMs

_ _e_im_n_aMti°Unn i____t_ e qu ence
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EXPERIMENTS

Estelle: 872 tests

Data flow analysis: 1347

452 test vectors for conformance testing

150 more test vectors for 100% coverage under multiple

simultaneous errors (10 edges)

Previous approaches: difficult to quantify coverage

_ Texas A&M University
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STATUS

• Goal: set of automated tools

• Prototype implemented

• Evaluation currently under way

• Internal reports available

_ Texas A&M University
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CURRENT AND FUTURE RESEARCH

Modularization

Texas A&M University

• Feature: Concurrency

"_ Enforce distinguishability of the sequences to reduce length.

"_ Decomposition and composition of FSMs to generate shorter

(but equally reliable) test sequences
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• Real-time satisfiability (given a scheduler)

•"_ Lower and upper timing bounds

"_ Fault secure conditions

Feature:

software
Software quality for critical control

Texas A&M University ,,
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Comparisons of Algorithms

Dr. Arkady Kanevsky

Texas A&M University,

• Identification of specific limitations of each algorithm

• Comparison of proposed algorithms according to
performance in each catagory
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Graceful Degradation

Ensure most important deadlines are met

• Cyclic - OverlOads - cascades failures if scheduling hardcoded. May execute
processes which it knows it cannot complete. Hard to miss deadline
selectively and devote all time to other tasks

• Fixed - No problem - will miss jobs in the inverse order of priorities

• RMS - Can use a separate set of priorities assignments to offload selectively.
Will not handle wide variations in execution time well.

• EDF- Will not degrade gracefully - any deadline may be missed irrespective of
criticality. In fact, can miss ALL deadline by scheduling each job too late

• Dynamic - Can take criticality into account and provide graceful degradation

Texas A&M University
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Aperiodic Service

Handling of special requests/emergencies

• Cyclic - Only by reserving slots for aperiodic tasks.

• Fixed - Can handle critical aperiodic service by maybe missing periodic
deadlines!

• RMS - Lui Sha's extended priority exchange and sporadic server

algorithms make it possible to provide some guarantees on aperiodic

service and response time for it.

° EDF- Can provide aperiodic service if utilization still < 100% without extra
work.

• Dynamic - Possible, and can provide good performance, but harder to

provide analytical guarantees.

Texas A&M University
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Mode changes

Adapting to change in workload mix or priorities

i

• Cyclic - Cannot handle arbitrary mode changes. Specific mode changes
must be preprogrammed.

• Fixed - Can handle mode changes, but only guarantees most important
jobs.

• RMS - Easier to compute schedulability and revised priorities after a mode
change.

• EDF- Cannot handle overloads. Subject to no overload, can still meet
deadlines. A mode change often happens when there is a fault in the
system or an emergency, and in both cases overloads are possible.

• Dynamic - Handles precedence constraints by clustering tasks and
working out intervals in which they should be executed.

Texas A&M University,
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Expandability

Modify system operation easily over long lifetime

• Cyclic - nQne. Must scrap old design and redesign schedu
possibly the software, and re-create the system!

ling, and

• Fixed - Adapts to system configuration changes.

• RMS-Can recompute fresh priorities as necessary if configurations

change.

• EDF- Inherently dynamic.

guarantees.

Need to recompute schedules to make

• Dynamic - Highly configuration independent. May need to recompute
schedules of periodic tasks to make guarantees.

Texas A&M University ,,
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Summary: Cyclic Fixed

Schedulability Yes O

Graceful degr." O Yes

Utilization 100 --

Aperiodic Limited OK

Critical sect. OK(exc) Degrades

Mode changes _ OK

Precedence OK OK

Expandability (_) OK

Simplicity Yes Yes

Analyzability _ Hard

Testability Good Limited

Overhead Low Low

RMS EDF Dynamic

OK Yes OK

OK (__ OK

70 100 70

OK Yes Good

OK OK Extend

Yes Yes Yes

(__ Yes Yes

Yes Yes Yes

OK Yes

Yes Yes

OK OK

OK Higher

Texas A&M University
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Limitations

Fixed priority

• Cannot predict what will happen to lower priority tasks. Behavior not easy
to analyze. This makes it hard, in turn, to predict the effect of aspects such
as precedence constraints, critical sections and aperiodic tasks.
Preemptions can introduce delays between input and output in feedback

control systems, leading to instability. Sampling systems may not have
regular intervals between samples.
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Limitations

EDF

• Cannot handle transient overloads. Problems with

feedback control systems and sampling systems may
be even more relevent here.

Texas A&M University
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Conclusions

• Fixed

Cannot guarantee schedulability. No major strength.

• Dynamic

Meet basic requirements. Complexity and overhead probably rule it
out.

• EDF

Many nice features. Collapse under transient overload makes it
unacceptable.

• Cyclic

Meets basic requirements. No modifiability expendability.
• RMS

Solid, acceptable performance in all categories.

• Each algorithm has some limitations which must be overcome.

Texas A&M University
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Scheduling objectives and issues

Swam inathan Natarajan

• Goals we would like to attain with scheduling

• Some major issues to be addressed in scheduling

• Tradeoffs among the different requirements

• Review of some existing algorithms

• Summary

_ Texas A&M University
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Schedulability

Ensure that all deadlines are met

All deadlines guaranteed unless exceptional circumstances occur

Analysis needed for making guarantees

Demonstration by example (simulation) not enough

__-_ Texas A&M University,,
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Utilization

Maximal utilization at which all tasks guaranteed

Schedulability alone not sufficient

is 45%, algorithm which can

Advantage of high utilization not

Maximizes safety factor:better

Average utilization < threshold:

Worst-case

-even if current utilization

guarantee 65% is desirable

simply minimizing hardware cost

handling of emergencies/overloads

can provide aperiodic service

utilization < threshold: can provide fault-tolerance

Texas A&M University
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Critical Sections

Preempting a task may not be allowed while it is

- Using shared data or resources

- Sending a message over the network

- Interacting with physical devices

If a higher priority task waits for a lower priority task
to finish the critical section, it may miss its deadline

Critical sections thus affect the scheduling process

We need schemes which can handle this

Texas A&M University
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Precedence Constraints

May have ordering requirements among tasks

If task 2 needs results from task 1, 1 must be finished first

If a job has deadlines within it, it is split into multiple tasks

with precedence contraints

Precedence constraints must be accounted for in scheduling

__i Texas A&M University J
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The Computer Science Department _

Simplicity

Simple algorithm easier to understand, implement correctly

Analyzability

Simple algorithm also easier to analyze theoretically

Analysis can guarantee that scheduling will always work

Testability

Check correctness of analysis, effect of assumptions

Efficiency

Sophisticated algorithm

_ Texas A&M University
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Cyclic

Simple

Rate

Some Proposed Algorithms
executive

schedule predeter'mined statically

fixed priority

priorities determined by importance of function

monotone fixed Priorities
- priorities proportional

first

devoted

Earliest deadline

- processor

to arrival rates

to job which is due soonest

Dynamic scheduling (Stankovic's bidding
- Schedule computed at run-time

algorithm)

afresh for each job

Texas A&M University
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Assign

Simple Fixed Priority

priorities based on criticality

When more important task

task, irrespective of
arrives, it pre-empts less

whose deadline is closer
important

0

Texas A&M University
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Earliest Deadline First

Execute task with closest deadline first

Optimal upto 100% utilization - if a set of jobs is at all
schedulable, it can be scheduled with EDF

Does not take criticality into account

Priorities effectively dynamic, since priority of a job

depends on deadline of other jobs in the system

Texas A&M University
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Other issues

Deadline
is only one type of tim ing requirement

Sampling requires equal intervals between executions

For feedback control, we would like to minimize time
between input and output

Missing a few deadlines may be acceptable in

applications such as monitoring

Need to consider scheduling at program design time

- Most scheduling algorithms assume bounds on execution
times, limits on length of critical sections

- Need predictability to guarantee schedulability

Scheduling must be implemented at every level of the system

- If resource allocation is not integrated with scheduling,
resource waits may cause tasks to miss deadline

Texas A&M University
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Real-Time AI: The Problem

Swam inathan Natarajan

• Motivation

• Goals

• Characteristics and Difficulties

• Comparison with Real-Time and with

• Research Issues

• Summary

Texas A&M University
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What is Real-Time AI ?

Real-Time AI systems

- use sensors to collect data from the external
environment

deal with complex problems that are
explosive in nature combinatorially

use effectors
constraints

to perform actions under real-time

_ Texas A&M University
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Real-Time AI: Difficulties

Unpredictabi] ity

Steps to solution not predetermined. Hard to predict effect

of actions when it is not known what the actions will be!

- Unpredictable time

Depending on how much Work needs to be done to

arrive at the solutions, time required may vary

- Unpredictable resource usage

Resources needed depend on sequence or steps involved

- Unpredictable result

Since time available limited, but time needed varies
result quality varies

_ Texas A&M University



Al!sJe^!un _'_V sexel

A]!i!q!]dnJJa]U! >13_[swa]sAs IV ]SOlA

uo!3,ntos jo A3,!tenb ee_,ueJen6 l,ouue3 sanb!uqaa3, 3!3,s!JnaH

passaJppe aq lsnw swatqoJd peotja^o lua!sueJ1

Aaua!otjJa taAat-t_o[ uo s!seqdwa ssal -
3,ue_jodw! /,ja^ sawoaaq A6a3,eJ3,Cj-

uo!_.ntos 0"4.aw!_. ja6Jeq-
:swatqoJd xatdwo3

sa!3,.s!ja3,.aeJeLt3 :IV aW!l-teald

luatu|jedao eoue!os je|ndtuoo eq.I.



AI

The Computer Science Department

Real-Time AI vs, Traditional Real-Time

systems are often used in advisory situations to improve
handling of complex problems

- deadlines may be somewhat more "soft"

- approximate results may be acceptable

must provide assessment of output

Combinatorial explosion worst case resource
large to be useful

quality

requirements too

Timing
granularity is often larger than traditional real-time

Focus is on high-level

so lying strategy,
predictability
not low-level

and problem

efficiency

Texas A&M University



A_!A!_3eleS

welqoJd

'llnseJ jo

eajnosaJ

seJ!nbeJ steo6

,,swq_!JO6te

eaU,3J_3JU! eBueq3 Aew AUOJLlaUASV

eA!_,euJe3,ie 6uowe se3!oqo 6u!>telA

(uo!3,e3,ndwoa es!aejdw!)

ew!]Aue,, jo eSN :u6!sep wq_,!JO6lV

A3,![ !qe3,3!pejd

ABe_eJ_S 6U!Ai OS

e3uewJojJed jo A3,!t!qe3,D!PeJd se LteN_ se

se3,e3,!ss,33eu 3,ueweJ!nbeJ eDueJeqO:]

6u!uoseeJ pue 6u!itoJ3,UOO

a6esn

'6u!]a!peJd uo snao-!

enss! Aluo aq_, 3,ou s! _4lnseJ jo A3,!tew!_,dO

IV teuo!3,!peJJ_ 'SA IV aw!l-Leatl

|uem|.=edao eoua!oS je|ndwoo eq.l.



The Computer Science Department

Real-Time AI: Research Issues

Algorithms for resource-bounded reasoning

Expressing resource
dynamically

usage, modifying resource consumption

Tradeoff: result quality vs. resource usage

Specification of acceptability criteria

Interruptible reasoning process

Texas A&M University
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